A laboratory experiment was carried on the same initial soil and at the 20 same time than a windrow treatment in order to compare results at field and 21 laboratory scales for a soil mainly contaminated with PAHs. After 6 months, 22 laboratory experiments gave similar but less scattered results than those 23 obtained in the field indicating that the field biotreatment was well optimised. The 24 total amount of PAHs degraded after 6 months was ca. 90% and degradation 25 rates followed a negative exponential trend. Relative degradation rates of 3-and 26 4-ring PAHs were about 32 and 7.2 times greater than those of 5-and 6-ring 27 PAHs, respectively. With respect to the bacterial community, bacteria belonging 28 to Gamma-proteobacteria persisted whereas Beta-proteobacteria appeared after 29 three months of biotreatment when PAH concentration was low enough to render 30 the soil non-ecotoxic. 31 32 Capsule 33 34 Comparison of field and laboratory biotreatments of the same PAH-35 contaminated soil gave similar results with respect to PAH concentration and 36 bacterial diversity. 37 38 Keywords 39 40 Bioremediation, Contaminated soils, Polycyclic aromatic hydrocarbons 41 (PAHs), Laboratory and field experiments, Bacterial diversity 42 43 49 hazardous environmental pollutants due to recalcitrance and toxic, mutagenic
Introduction

45
Polycyclic aromatic hydrocarbons (PAHs) are hydrophobic organic 46 pollutants generated during coke production, petroleum refining and combustion 47 processes (Cerniglia, 1992) , and these pollutants are frequently encountered in 48 contaminated industrial sites. These organic contaminants are among the most composition of the bacterial community during a laboratory experiment carried 83 out with the same initial soil that had been subjected to a windrow biotreatment 84 (Lors et al., 2010b) . Even if the experiments were carried out at the same time, The soil used to perform the bioremediation process was a soil 102 contaminated by a coal tar distillation plant that was operational from 1923 to 103 1987 in the North of France. The contaminated soil was sieved and the fraction 104 thinner than 6 mm was mixed with wood shavings; the characteristics of which 105 have been given by Lors et al. (2010b) . The volumetric ratio between soil and 106 wood shavings was to 0.7:0.3. Nitrogen (agricultural urea) and phosphorus 107 (agricultural superphosphate) nutrients were added to enhance the growth of the 108 Microcosm experiments were performed under controlled conditions in the 141 laboratory. Twenty-one 250-mL glass sterile bottles were filled with 50 g of Ti soil 142 and closed with a porous cap which enabled oxygen to pass through. Thus, the 143 device was in aerobic conditions and stored at 30 °C. The temperature used was 144 representative of the temperature in the field experiment, which was around 30 145 °C as abovementioned. Moreover, every week, soil samples were homogenised 146 under a sterile hood. The moisture content was measured weekly by weighing 147 the bottles and sterile MilliQ ® water was homogeneously sprayed in sterile 148 conditions to keep the mass constant. At each sampling time (3, 7, 14, 34, 63, 92 149 and 182 days), three samples were sacrificed for physicochemical and 150 microbiological analyses.
152
Both for field and laboratory experiments, PAH degradation was 153 evaluated by following the decrease in PAH concentration over time. Moreover, 154 changes over time of total microbiota were followed by the same molecular 155 biological methods used for the initial matrix. In the laboratory experiment, 156 sampling was done in duplicate at 14 and 92 days to determine the metals were present at very low levels, with concentrations similar to those found 168 in the local geochemical background (Table 1) , to the exception of zinc, which 169 exhibited a slightly higher concentration (Sterckeman et al., 2002) . The Ti soil 170 was mainly contaminated with PAHs, whose total concentration (16 PAHs) was 171 close to 3 g kg -1 dry soil (Table 1) . Three-ring PAHs were present at the highest 172 concentration (1279 mg kg -1 dry soil) and represented 44% of the total PAH 173 concentration. Among them, phenanthrene was the most abundant (49% of 3-174 ring PAH concentration) ( Table 2) . Four-ring PAHs were also present at high 175 concentrations, amounting to 28% of the total PAHs (809 mg kg -1 dry soil), with 176 fluoranthene as the main compound (accounting for 51% of 4-ring PAH 177 concentration), followed by pyrene, accounting for 29%. The only 2-ring PAH 178 identified was naphthalene (20% of PAH concentration). On the other hand, 5-179 and 6-ring PAHs were found at lower concentrations, accounting for 5% and 2% 180 of total PAH concentration, respectively.
182
The total bacterial population in the Ti soil represented 4.9 10 8 CFU g -1 183 dry soil (Table 1) , which is comparable to populations typically found in the 184 superficial layer of unpolluted soils (Robert, 1996; Taylor et al., 2002) . This 185 finding indicated that there was a good biological activity in this matrix.
186
Phenanthrene-degrading bacteria represented a large proportion of the bacteria 187 in this soil (1.4 10 7 bacteria g -1 dry soil), whereas fluoranthene-degrading bacteria 188 were present at a much lower level (7.7 10 4 bacteria g -1 dry soil) ( Table 1 ). The 189 presence of these specific bacteria indicated that the microbiota was adapted to 190 these compounds, probably due to historical contamination of the soil (Kästner et 191 al., 1994; Mueller et al. 1994; Lors et al. 2004; Lors et Mossmann 2004 
228
The degradation of 3-ring PAHs was observed after a short induction period of 7 229 days ( Fig. 1-C) . After the induction period, the degradation rate of 3-ring PAHs 230 occurred at the fastest rate (log C value = -0.0161). Thus, 95% of 3-ring PAHs 231 were degraded after 3 months of incubation, then the degradation rate slowed 232 down relatively to what could be expected from exponential regression. As a 233 consequence and similarly to the total 16 PAHs, the best fit for exponential 234 regression (R 2 = 0.94) was obtained considering only the first three months.
235
The degradation rate of phenanthrene, i.e. the main 3-ring PAH present, was 236 similar to that of total 3-ring PAHs. Its degradation was rapid, between 7 to 34 237 days, leading to 84% degradation. Almost complete degradation of this 238 compound (94%) occurred within the first three months of incubation ( Fig. 2-A) .
239
As previously observed for 3-ring PAHs, 4-ring PAH concentration during the 240 induction period was slightly higher than that of the Ti soil. Nevertheless, as 4-241 ring PAH concentration was lesser than 3-ring PAH concentration, the difference 242 observed between Ti soil and soil sampled at the end of the induction period was 243 smaller. We did not find such differences for 5-ring and 6-ring PAHs, that only 244 represented 7% of total PAH concentration in the Ti soil.
245
The degradation of 4-ring PAHs displayed an induction period of 14 days was 246 one week more than 3-ring PAHs ( Fig. 1-D 
255
Fluoranthene, the main 4-ring PAH present, followed a similar pattern of 256 degradation to total 4-ring PAHs; 81% of fluoranthene was degraded after 6 257 months of incubation ( Fig. 2-B ).
258
The degradation of 5-ring and 6-ring PAHs was even slower. bioremediation is more effective for low molecular-weight PAHs (Fig. 4) . Indeed,
342
the relative rate of degradation of 3-ring PAHs is about 30 times higher than 5-343 and 6-ring PAHs while only 7 times higher than 4-ring PAHs. Indeed, the 344 degradation of high molecular-weight PAHs require typically more time and in 345 some cases different microorganisms (Perry, 1979; Boonchan et al., 2000) . As a 346 consequence, the concentration of 3-ring PAHs is the lowest after 6 months while 347 it was the highest at the beginning of the biotreatment. 
407
Laboratory experiments carried out on the same polluted soil than a 408 windrow treatment and at the same time led to results similar to those obtained 409 during the windrow biotreatment. The decrease of the amount of 3-, 4-, 5-and 6-
410
ring PAHs can be fitted to an exponential model. However, the kinetics of PAH 411 degradation could be defined more precisely in the laboratory, due to more 412 samplings, leading to higher R 2 values. The relative rate of degradation of 3-ring and 5-ring PAHs was a little faster in the field. As a consequence, the amount of 417 degraded PAHs after 6 months was around to 85% in the laboratory instead of 418 90% in the field. Thus, conditions of the field biotreatment were close to optimum, 419 mostly thanks to the optimisation of the chemical conditions (moisture, O 2 , 420 temperature) and additional degradation mechanisms for 4-, 5-and 6-ring PAHs.
421
The evolution of bacterial microbiota in the laboratory was also comparable to 422 that obtained in the field. The bacterial consortium was represented by Gram- The present study was performed with a financial support from ADEME 
